INTRODUCTION
============

Urinary incontinence (UI) is common in females. The incidence of female UI is 14-41% \[[@B1]\], and the incidence increases with aging \[[@B2],[@B3]\]. The tension-free vaginal tape (TVT) procedure, which was first described in 1996 by Ulmsten and Petros, is a modified suburethral sling procedure for treating female stress urinary incontinence (SUI) based on the integral theory \[[@B4]\]. The TVT procedure provides high short- and intermediate-term success rates \[[@B5]-[@B7]\]. A few studies showed that the cure rate of the TVT procedure is 76.9-80% after long-term follow up \[[@B8]-[@B10]\]. However, long-term follow-up data on the TVT procedure are currently lacking in Korea. Therefore, we evaluated the long-term results of the TVT procedure for the treatment of female UI with 6-year follow-up data.

MATERIALS AND METHODS
=====================

Approval for this study was provided by the Institutional Review Board of the Seoul National University Hospital. Between March 1999 and May 2003, 275 consecutive women with SUI underwent the TVT procedure at our institution. The study exclusion criteria were the following: the presence of any urinary tract infection, urogynecological malignancy, concomitant surgery (cystocele repair, etc.) or urogynecological surgery during the postoperative follow-up period, and postoperative follow-up of less than 6 years. Among 275 women, 131 patients could not be followed up because they did not respond when contacted by telephone (unavailable telephone number or interview refusal) and 3 patients died. A total of 141 (51.3%) were eligible in this retrospective study. [Table 1](#T1){ref-type="table"} shows the baseline characteristics of the groups. The women\'s mean age was 55.9 years (range, 46-65 years) and the mean follow-up period was 85.5 months (range, 73-100 months). When we divided the patients into three groups according to Ingelman-Sundberg scale \[[@B11]\], 37.6% had a preoperative symptom grade of II and 59.6% had a grade of III. Preoperatively, 34 (24.1%) of the women complained of concomitant urgency UI and 44 (31.2%) complained of urgency. A total of 30 (21.3%) patients had UI combined with intrinsic sphincter deficiency and 83 (63.8%) patients had UI combined with urethral hypermobility. The rate of hysterectomy, mean parity, and the percentage of patients with involuntary detrusor contraction on the baseline urodynamic study were significantly higher in the MUI group than in the SUI group, whereas the mean degree on the Q-tip test was significantly lower in the MUI group than in the SUI group. Our preoperative protocol included history and physical examination, urinalysis, urine culture, uroflowmetry, postvoid residual urine measurement, 1-hour pad test, and multichannel videourodynamic studies. The severity of UI was classified by using the Ingelman-Sundberg scale \[[@B11]\].

The TVT procedure was performed by 2 experienced surgeons at one institution by use of the standard technique with some modifications \[[@B12]\] under local anesthesia. Patients visited our clinic at 1 months, 6 months, and 1 year after surgery. Short-term follow-up evaluation included history taking, physical examination with stress test, 1-hour pad test, uroflowmetry, and post-void residual urine measurement. At the 6-year follow-up, long-term follow-up evaluation was performed by telephone questionnaire. The 6-year cure rate of the TVT procedure and patient global satisfaction were assessed by the questionnaire, which included selected questions from the Korean version of the Bristol Female Lower Urinary Tract Symptoms (BFLUTS) questionnaire \[[@B13]\], which evaluated LUTS and quality of life after the TVT procedure ([Appendix](#APP1){ref-type="app"}), and two additional questions on patients\' satisfaction with the procedure. At the 1-year follow-up, cure of UI after the procedure was defined as the absence of a subjective complaint of leakage and the absence of objective leakage on a stress test. At the 6-year follow-up, subjects were characterized as having been cured if they answered \'never\' to questions no. 6 and 7 about any episodes of urine leakage. All other outcomes were regarded as failures.

Comparative analysis of the cure rates of TVT, patient global satisfaction, and complications between patients with urodynamic SUI (SUI group) and mixed UI (MUI group) was performed. All definitions corresponded to those of the International Continence Society \[[@B14]\]. Intrinsic sphincter deficiency was defined as a maximum urethral closure pressure \<20 cmH~2~O or Valsalva leak point pressure (VLPP) \<60 cmH~2~O \[[@B15]\]. Urethral hypermobility was defined as Q-tip \>30° \[[@B16]\]. Subjects were categorized as having satisfaction if they answered \'very satisfied\' or \'satisfied\' to the question about patient satisfaction with the procedure. Statistical analysis was performed by using the Student\'s t test for continuous data and Fisher\'s exact test or chi-square test for categorical data. We used logistic regression analysis to determine the factors influencing cure at 6 years after the procedure. A 5% level of significance was used for all statistical testing, and all statistical tests were 2-sided. The Statistical Package for the Social Sciences (SPSS for Windows, release 17.0, SPSS Inc., Chicago, IL, USA) was used for the data analysis.

RESULTS
=======

When we evaluated the cure rate, the overall 1-year cure rate was 93.4% and the 6-year subjective cure rate was 83.0%, respectively ([Table 2](#T2){ref-type="table"}). The overall proportion of patients who answered that they were very satisfied or satisfied with the results was 80.1% ([Table 2](#T2){ref-type="table"}). We divided the patients into two groups, the pure SUI group (107 patients) and the MUI group (34 patients), and compared the cure rates. The 1-year cure rate and the 6-year subjective cure rate in patients with urodynamic SUI (SUI group; n=107) and with mixed UI (MUI group; n=34) were 94.1% versus 84.1% and 89.8% versus 79.4%, respectively. In addition, when we evaluated the global satisfaction at the 6-year follow-up postoperatively, the proportion of patients who answered that they were very satisfied or satisfied was 83.2% in the SUI group and 70.6% in the MUI group without a statistically significant difference between the two ([Table 3](#T3){ref-type="table"}).

Nine patients (6.4%) had a bladder perforation. Ten women (7.1%) had urinary retention after surgery, which was managed with an indwelling catheter for \<1 week. Temporary clean intermittent catheterization was required in 1.4%. Ten patients (7.1%) required catheter re-indwelling. Two patients (1.4%) underwent TVT cutting. No vaginal or urethral erosion was identified. At the 6-year follow-up, de novo urgency and de novo urgency incontinence developed in 28.0% (30/107) and 27.1% (29/107), respectively, of the pure SUI group (n=107). These worked as negative factors affecting subjective satisfaction with the operation results ([Table 4](#T4){ref-type="table"}). When we asked about recommendation of the TVT procedure, 122 patients (86.5%) answered that they would recommend the TVT procedure to other patients.

In the logistic regression analysis, there was no factor that predicted cure at 6 years after TVT. The odds ratios (95% CI, between high and low quartile) for persistent SUI were not increased for any factor ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

SUI is known to occur when the bladder neck and posterior urethra escape the normal anatomical position \[[@B17]\]. During a Valsalva maneuver, the pressure of the bladder neck and posterior urethra is lower than intravesical pressure, which leads to incontinence \[[@B17]\]. The short-term results of TVT have shown cure rates between 80% and 100% \[[@B5]-[@B7]\]. Long-term cure rates are reported to be from 71% to 86% \[[@B8]-[@B10]\]. Nilsson et al performed 7 years of long-term follow-up of 80 patients in 2004 and reported an 81.3% cure rate \[[@B18]\]. In our study, the long-term cure rate was 83.0% (117/141), and this result is almost the same as the results of previous studies. Razapour and Ulmsten performed TVT on 80 patients with mixed incontinence accompanied by urgency UI and reported an 85% cure rate, a 4% rate of improvement, and an 11% treatment failure rate within a mean follow-up period of 4 years (range, 3-5 years) \[[@B19]\]. In our study, the cure rate of patients with MUI at 1 year postoperatively was 89.8%, and the cure rate at 6 years postoperatively was 79.4%.

In the MUI group, the cure rate of urgency incontinence was decreased from 81.9% at 1 year postoperatively to 58.8% at 6 years postoperatively. Previous studies reported that the cure rate of urgency UI in MUI patients was 69-85% with short-term follow-up \[[@B20],[@B21]\]. Holmgren et al reported that the cure rate of urgency UI at 3 years postoperatively was 60% and that at 6 to 8 years was 30% \[[@B22]\]. This might be due to an aging effect or atrophy of the bladder epithelium, which could be associated with the increased use of local estrogens or with neurological disorders \[[@B22]\].

There is still controversy about the difference between success rates of TVT procedures according to the VLPP. In 2001, Kim and Lee reported that the success rate of patients with a VLPP of less than 60 cmH~2~O was low \[[@B23]\]. In addition, Sand et al and Koonings et al reported that when the VLPP was lower than 60 cmH~2~O, the failure rate of the Burch operation procedure was 50% \[[@B24],[@B25]\], and Song et al reported that TVT in patients with a low VLPP should be considered cautiously \[[@B26]\]. Conversely, Hsieh et al reported that in women with a VLPP of less than 60 cmH~2~O, the success rate showed a high percentage of 91.7%, suggesting that VLPP had no correlation with the success rate \[[@B27]\]. In our study, we divided the patients into two groups, one with a VLPP of lower than 60 cmH~2~O and the other with a VLPP of higher than 60 cmH~2~O, and the success rates did not differ significantly between the groups (81.1% versus 86.7%; p=0.59). According to the Ingelman-Sundberg scale, there was no significant difference in the success rate between the symptom Grade II group and the Grade III group postoperatively (83.3% versus 83.9%; p=1.000).

BFLUTS questionnaire is a self-descriptive urinary symptom measurement tool composed of 4 domains and 34 questions that was developed in 1996 by Abrams et al in the United Kingdom \[[@B14]\]. The 4 domains of the questionnaire are lower urinary tract symptom severity, sexual function, bothersomeness, and impact and quality of life. The scale of answers ranges from \'none\' to \'always\'. The questionnaire is designed so that the severity of symptoms can be evaluated and the impact of LUTS on daily life can be measured on every question. This is useful in evaluating the change in urinary symptoms before and after treatment, and the reproducibility and validity are known to be reliable. In our study, we selected some questions from the questionnaire associated with urgency, urgency UI, SUI, incontinence amount, straining, intermittency, feeling of incomplete emptying, and quality of life. Independent from the BFLUTS items, 2 questions were added concerning global satisfaction and recommendation.

One of the most common complications of TVT is bladder perforation, which is reported to have a rate of occurrence of 2.3% to 10% \[[@B6],[@B28]\]. In our study, 9 patients out of 141 (6.4%) were reported to experience bladder perforation. Our results are comparable with those of previous studies.

The limitations of this study are, first, that it was a retrospective study, and second, that the BFLUTS questionnaire was used selectively. We added subjective questions of our own accord, therefore lowering the validity of the questionnaire. Third, there was a difference in the follow-up evaluation performed between 1 year and 6 years after the TVT, yet these results were compared and analyzed. Fourth, the study was based on the patients\' subjective data and satisfaction. The severity of symptoms would probably vary from patient to patient; therefore, judgement of cure, improvement, and failure on the basis of these analyses may not always be accurate. If objective data such as uroflowmetry, residual urine measurement, and stress test had been collected at the 6-year follow-up, the results would probably have been more significant and reliable. Finally, this study was dependent on a questionnaire conducted by telephone interview; therefore, this study is vulnerable to selection bias.

CONCLUSIONS
===========

In this study, the cure rate of stress UI decreased slightly at the 6-year long-term follow-up after TVT, but more than 80% of the patients who underwent the TVT procedure were satisfied with the results. At the 6-year follow-up, the cure rate of the TVT procedure was still high. However, these results are dependent on the subjective symptoms of the patient. Therefore, in order to obtain an accurate assessment of the long-term outcome of TVT, not only more long-term follow-up data but also objective data are needed.
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Characteristics of the 141 patients
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SUI: stress urinary incontinence, MUI: mixed urinary incontinence, MUCP: maximum urethral closure pressure, VLPP: Valsalva leak point pressure, ISD: intrinsic sphincter deficiency, IDC: involuntary detrusor contraction, ^a^: Student\'s t test, ^b^: chi-square test
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Surgical outcomes of TVT for SUI
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TVT: tension-free vaginal tape, SUI: stress urinary incontinence
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Comparison of surgical outcomes of TVT between the MUI group and the genuine SUI group
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TVT: tension-free vaginal tape, MUI: mixed urinary incontinence, SUI: stress urinary incontinence
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Patient\'s satisfaction relative to de novo urgency and de novo urgency incontinence
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Univariate predictors of cure at 6 years after TVT
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TVT: tension-free vaginal tape, OR: odds ratio, CI: confidence interval, UI: stress urinary incontinence, Qmax: maximum flow rate, PVR: post-void residual, VLPP: Valsalva leak point pressure, MUCP: maximum urethral closure pressure, MCC: maximum cystometric capacity, IDC: involuntary detrusor contraction
